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PART 1

INTRODUCTION
A. DBACXGROUND. The U.S. Army Defense Ammunition Center and School,
Evaluation Division, was tasked by the U.S. Army Armament Research,
Development and Engineering Center (ARDEC) to design, fabricate, and test a
metal unitization for the 40mm ammunition container. The test procedure for
evaluating thig unitization is MIL-STD-1660.
B. AUTHORITY. This test was conducted in accordance with mission
respongibilities delegated by the U.S. Army Armament Research, Development
and Engineering Center, Picatinny Arsenal, NJ.
C. OBJECTIVE. The objectives of these tests are to assess the 40mm
ammunition container capability to meet Army functional/operational

requirements of MIL-STD-1660, Design Criteria for Ammunition Unit Loads.
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PART 3

TEST PROCEDURES

The test procedures outlined in this section are extracted from MIL-STD-1660,
Design Criteria for Ammunition Unit Loads, 8 April 1977. This standard
identifies nine steps that a unitized load must undergo if it is considered

to be acceptable. Theze testsg are synop:izdd'bolow:

1. STACKING TESTS. The unit load shall be loaded to simulate a stack of
identical unit loads stacked 18 feet high, for a period of one hour. This
stacking load ig simulated by subjecting the unit load to a comprezsion of
weight equal to an equivalent 16 foot stacking height. The compression load
is calculated in the following manner. The unit load weight is divided by the
unit load height in inches and multiplied by 192. The resulting number is the
equivalent compreszssive force of a 16 foot high load.

2. REPETITIVE SHOCK TEST. The repetitive shock test shall be conducted in
accordance with Method 5019, Federal Standard 101. The test procedure iz as
follows. The test specimen shall be placed on, but not fastened to, the
platfqrn. With the gpecimen in one position, vibrate the platform at 1/2 inch
amplitude (l-inch double amplitude) starting at a frequency of about 3 cycles
per second. Steadily increase the frequency until the package leaves the
platform. The resonant f{requency is achieved when a 1/16-inch-thick feeler
may be momentarily slid freely between every point on the specimen in contact
with the platform at some instance during the cycle or a platform acceleration
achieves one plus or minug zero point one G. Midway into the testing period
the specimen shall be rotated 90 degrees and the test continued for the
duration. If failur; occurg, the total time of vibration ghall be two hours
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{f the specimen is tested in one position; and i{ tested in more than one
pogition, the total fimo shall be three hours.

3. EDGEWISE DROP TEST. This test shall be conducted by using the procedures
of Method 5008, Federal Standard 101. The procedure for the Edgewisze Drop
(Rotational) Test i3 as follows: The specimen shall be placed on ita bottom
with one end of the base of the container supported on a sill nominally

8 inches high. The height of the 8ill shall be increased if necessary to ensure
that there will be no support for the base between the ends of the container
when dropping takes place, but should not be high enough to cause the
container to slide on the supports when the dropped end is raised for the
drops. The unsupported end of the container ghall then be raised and allowed
to fall freely to the concrete, pavement, or similar underlying surface from a
prescribed height. Unless otherwise specified, the height of drop for level A

protection shall conform to the following tabulation.

GROSS WEIGHT NOT EXCEEDING DIMENSIONS ON ANY EDGE HEIGHT OF DROP LEVEL

NOT EXCEEDING A PROTECTION
Pounds Inches Inches
600 72 36
3,000 . no limit 24
no limit no limit 12

4 FORKLIFTING TEST. Thiz test shall be conducted by using the procedures of
Mathod 5011 of Federal Standard 101, Procedure 8.2, Lifting and Transporting
by Forklift Truck. The forklift hazard course that will be uged ig shown in
Figure 1. The procedure for the lifting and transporting by forklift truck
test is as follows. The specimen shall be lifted clear of the ground by a
forklift truck at one side of the specimen and transported on the forks in

3-2




the level or back tile pogsition across the alternate hazard course. The
forklift must carry the specimen over the hazard couse in aﬁout 23 seconds
and then shall be brought to a stop. The specimen shall be carefully
observed during the traverse and while the forklift is at a stop for any
damage, evidence of inadequacy, or deflection of the specimen that might
cause damage or displacement of the contents. The specimen shall be then
lowered onto the ground. The forklift shall be moved from the gide to the
end of the specimen. The forks shall be run under the specimen as far as
possible and then operated to lift the end 6 inches. Observe the specimen,
particularly in the vicinity of the endas of the forks and record observa-
tions. If the specimen can thus be lifted clear of the floor, transported

on the forks over the same hazard course and record observation. If it
cannot be thus lifted, report the length of forks used and state that the
specimen could not be carried on the forklift truck at either end.

5. SLING COMPATIBILITY TEST. Unit loads utilizing special design for non-
standard pallets shall be lifted, slung, lowered, and otherwise handled as
neceggary using 2lings of the types normally used for handling the unit loads
under consideration. Slings shall be easily attached and removed. Danger of
slippaje or disengagement when load is suspended shall be cause for rejection
of the unit load.

6. IMPACT TEST. This test shall be conducted by using the procedure of
Method %5023, Incline-Impact Test of Federal Standard 101. The procedure for
the Incline-lmpact Test ig as follows:

The specimen ghall be placed on the carriage with the surface or edge which is
to be impacted projecting at least 2 inches beyond the front end of the

carriage. The carriage shall be brought to a predetermined position on the
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incline and released. 1I{f it is desired to concentrate the 1hpact on any
particular position on the container, a 4x4 inch timbcr may be attached to the
bumper in the desired position before the test. No part of the timber shall
be struck by the carriage. The position of the container on the carriage and
the sequence in which surfaces and edges are subjected to impacts may be at
the option of the testing activity and will depend upon the objective of the
tests. When the test is to determine satigfactory requirements for a <ontain-
er or pack and unless otherwise specified the specimen shall be subjected to
one impact on each surface that has each dimengion less than 9.5 feet. Unless
otherwise gspecified, the velocity at time of impact shall be 7 feet per

second.
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PART 4

TEST EQUIPMENT

TEST SPECIMEN.

a. Width: 45-1/2 inches

b. Length: 41 inches

c. Height: 37 inches

d. Weight: 2,015 pounds

COMPRESSION TESTER.

a. Manufacturer:

b. Platform: 60 inches by 60 inches
¢. Compression Limit: 50,000 pounds
d. Tengion Limit: 50,000 pounds
TRANSPORTATION SIMULATOR.

a. Manufacturer: Gaines Laboratory
b. Capacity: 6,000 pound pallet

¢. 1/2-inch Amplitude

d. Speed: 50 to 3000 cpm

e. Platform: 5 foot by 8 foot
INCLINED RAMP.

a. Manufacturer: Conbur Incline

b. Impact Tester

c. 10% Incline

d. 12-foot Incline
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PART §

TEST RESULTS

1. STACKING TEST.

Pallet Weight - 2,015 pounds

Pallet Height - 37 inches

Test Load - 10,473 pounds

Subject pallet was loaded to 10,500 pounds compression for a period of
one hour. At the end of this period of time the compressor's load had
decreased to 9,900 pounds. When the compression load was removed and the
test specimen removed from the compression tester, no measurable deformation
in the load was evident.

2. REPETITIVE SHOCK TEST. Subject pallet successfully passed a

longitudinal transportation simulation for a 90 minute period. Rotating the
pallet 90 degrees and subjecting it to a second 90 minute period in the
transportation simulator caused no damage to the pallet or strapping. In
order to achieve a 1/18-inch clearance between the pallet and the
transportation simulator bed equipment was operated at 200 rpm. The induced
acceleration into the test specimen was 0.4 Gs.

3. EDGEWISE DROP TEST. Each side of the pallet base was placed on a beam

digplacing it six inches above the floor. The opposite side was raised to a
height of 24 inches above the floor and then dropped. This process was
repeated on all four sides of the pallet. No damage was caused to the
pallet or the unit load at the completion of the edgewise drop test.

4. FORKLIFTING TEST. The forklifting test was accomplished while moving

the pallet between test stations and storage building on gravel road. The
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forks were engaged in the fork pockets provided on the pallet. Fork
bositions along the longitudinal and lateral sides of the pallet provide for
stable movement from test station to test station.

5. SLING COMPATIBILITY TEST. The #ling compatibility test consisted of
lifting a pallet from the hoisting attachment provisions with a sling leg
angle between 20 and 25 degrees. There were five lifts performed. The
first 1ift was with all four hoisting provisions utilized; the second with
three, the third with two diagonal hoisting provigions; the fourth with the
two opposite diagonal hoisting positions; and the fifth with one hoisting
pogsition. All hoisting attachment provisionsz remained satisfactory
throughout the test.

6. INCLINED IMPACT TEST. The inclined impact test consisted of placing the
test pallet on an inclined gled with two inches of the pallet projecting
over the impacting edge of the sled. The sled was then raised approximately
8 feet up the ramp and allowed to accelerate and impact into a solid wall.
This test was repeated once on each gide of the pallet. No damage was

sustained by the four impacts of the inclined impact test
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PART 6

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS. The 40mm ammunition containers ag packed on a standard
metal pallet with pallet adapter and top-lift attachment, gatisfactorily.
passed all MIL-STD-1660 tests. Some deformation occurred on the ends of the
pallet skids during the edgewise rotational drop tests. This, however, is
not a cause for rejection since it does not result in an ungafe unitization
procedure or cauge unsafe handling.

2. RECOMMENDATIONS. It is recommended that the 40mm ammunition container
pallet as configured in this test be accepted for the safe unitization,

handling, storage, and transportation of ammunition.




PART 7

PHOTOGRAPHS




DEFENSE AMMWNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 1. This photo shows the 40mm ammunition container on the standard
metal pallet loaded to compression test load in the compression tester.




DEFENSE _AMMUNITION CENTER AND SCHOOL - SAVANNA, 1L

Photo No. 2. This photo shows the 40mm container ammunition
pallet on the trangportation gimulator undergoing a

mechanical vibration test.




DEFENSE AMMUWNITION CENTER AND SCHOOL - SAVANNA, 1L

Photo No. 3. This photo shows one broken weld on the
standard metal pallet as a result of the transportation
simulation test.




Photo No. 4. This photo shows the 40mm container ammunition
pallet ready for the first edgewise rotational drop test.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, 1L

Thoto No. 8. This photo shows the 40mm container ammunition
pallet ready for the second edgewise rotational drop test.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 8. This photo shows the 40mm container
smmunition pallet ready for the third edgewise rotational

drop. Drop height is 24 inches.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo Bo. 7. This photo shows the 40mm container ammunition
pallet ready for the fourth and last edgewige rotational
drop test.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA

Photo No. 8. This photo shows the 40mm container ammunition

pallet ready for the 4-legged mechanical handling test using

a 4-legged sling for pick up from the handling attachments.
_————_——___._—-——_———————-—_—————'——__-——




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 9. This photo shows the 40mm container ammunition
pallet being picked up by three legs from three of the sling
attachment points.
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DEFENSE AMMUWNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 10. This photo shows the 40mm container
ammunition pallet being lifted by two diagonal slings.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 11. This photo shows the 40mm container
ammunition pallet being picked up from a single slinging
attachment.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 12. This pboto shows the 40mm container
smmunition pallet after the first inclined impact.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 13. This photo shows the 40mm container
ammunition pallet after the second inclined impact.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, 1L

Photo No. 14. Thia photo shows the 40mm container
ammunition pallet after impact on the third side.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 13. This photo shows the 40mm container
ammunition pallet after impact on the fourth and final side.




PART 8

DESIGN DRAWINGS
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PART 9

TEST DATA




40mm Cans on Standard Metal Pallet in Long. Pogition
(Date: 10-26-87, Time into Test:

MEASUREMENT

LONG. ACELL. ON SHAKER TABLE
VERT. ACELL. ON SHAKER TABLE
'LONG. ACELL. ON LOAD

LAT. ACELL. ON LOAD

VERT. ACELL. ON LOAD

40mm Cang on Standard Metal Pallet in Long. Pogition
(Date: 10-26-87, Time into Tast:

MEASUREMENT

LONG. ACELL. ON SHAKER TABLE
VERT. ACELL. ON SHAKER TABLE
LONG. ACELL. ON LOAD
LAT. ACELL. ON LOAD

VERT. ACELL. ON LOAD

0 Minutes)

MEAN

.262
.252
.440
.162

. 338

22 Minutes)

MEAN

.258
.232
.891
.266

.382

VARIANCE

.018
.01l
.113
077

.038

VARIANCE

.017
. 443
.088

.063




40mm Cans on Standard Metal Pallet in Long. Position
(Date: 10-26-87, Time into Test:

LONG. ACELL. ON SHAKER TABLE
VERT. ACELL. ON SHAKER TABLE
LONG. ACELL. ON LOAD
LAT. ACELL. ON LOAD
VERT. ACELL. ON LOAD

40mm Cans on Standard Metal Pallet in Long. Position
(Date: 10-26-87, Time into Test:

LONG. ACELL. ON SHAKER TABLE
VERT. ACELL. ON SHAKER TABLE
LONG. ACELL. ON LOAD
LAT. ACELL. ON LOAD

VERT. ACELL. ON LOAD

44 Minutes)
MEAN
.283
.243
1.037
.007

. 360

686 Minutes)

MEAN

.254
.235
1.026
.000

. 345

VARIANCE

.020
.014
. 357
.001

.060

VARIANCE

.022
.015
.370
.000

.064




MEASUREMENT

LONG. ACELL.
VERT. ACELL.

LONG. ACELL.

LAT. ACELL.

VERT. ACELL.

40mm Cans on Standard Metal Pallet in Long. Poaition

(Date: 10-26-87, Time into Test:

ON SHAKER TABLE
ON SHAKER TABLE
ON LOAD
ON LOAD

ON LOAD

88 Minutesg)

MEAN

.275
. 246
. 933
. 000

.354

VARIANCE

- - -

.025
.013
.186
.000

.062
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40mm Cans on Standard Metal Pallet in Lateral Position
(Date: 10-27-87, Time into Test:

LONG. ACELL. ON SHAKER TABLE
VERT. ACELL. ON SHAKER TABLE
LONG. ACELL. ON LOAD
LAT. ACELL. ON LOAD

VERT. ACELL. ON LOAD

40mm Cans on Standard Metal Pallet in Lateral Pogition
(Date: 10-27-87, Time into Test:

MEASUREMENT

LONG. ACELL. ON SHAKER TABLE
VERT. ACELL. ON SHAKER TABLE
LONG. ACELL. ON LOAD
LAT. ACELL. ON LOAD

VERT. ACELL. ON LOAD

0 Minutes)

MEAN

. 304
.220
.362
.138

.284

22 Minutes)

MEAN

.408
.224
.567
.000.

.293

VARIANCE

.038
.012
.099
.065

.026

VARIANCE

. 098
.010
. 151
.000

.026




40mm Cans on Standard Metal Pallet in Lateral Position
(Date: 10-27-87, Time into Test: 44 Minutes)

MEASUREMENT | ‘ ' MEAN VARIANCE
LONG. ACELL. ON SHAKER TABLE .466 .078
VERT. ACELL. ON SHAKER TABLE .229 .010
LONG. ACELL. ON LOAD .601 .241
LAT. ACELL. ON LOAD .009 .001
VERT. ACELL. ON LOAD .310 .041

40mm Cans on Standard Metal Pallet in Lateral Position
(Date: 10-27-87, Time into Test: 66 Minutes)

MEASUREMENT MEAN VARIANCE
LONG. ACELL. ON SHAKER TABLE .588% .144
VERT. ACELL. ON SHAKER TABLE .222 .011
LONG. ACELL. ON LOAD .819 .219
LAT. ACELL. ON LOAD .000 .000

VERT. ACELL. ON LOAD ) .273 .038




40mm Cans on Standard Metal Pallet in Lateral Position
(Date: 10-27-87, Time into Test: 88 Minutes)

MEASUREMENT MEAN VARIANCE

LONG. ACELL. ON SHAKER TABLE .475 .061
VERT. ACELL. ON SHAKER TABLE .237 .009
LONG. ACELL. ON LOAD : _ .833 .297
LAT. ACELL. ON LOAD .005 .000

VERT. ACELL. ON LOAD .266 .020
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